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Understanding STEMI Guideline Drugs 

…and Pesky Protocol Problems 

Objectives & Content: 

 

• Review and apply new knowledge to your practice of the 
drug recommendations in the most recent 2013 
ACC/AHA STEMI Guidelines  

 

 

• Learn and understand the pharmacology and literature of 
drugs used in the treatment of ST-Segment Elevation 
Myocardial Infarction 

 

 

• Discuss and understand the challenges of following 
evidence based medicine in STEMI Systems of Care 

© Copyright Essentia Health 2015  Copying or distributing this confidential data is strictly prohibited! 
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Partially blocked artery 

Completely blocked artery 
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Gibson CM, Circulation 2001;104:2632-2634 

Time is Muscle…  

 

 

 

 

“That’s Why We Hustle!” 







45 yo Male:Pulling Tile,  
Then The Chest Pain Started… 

 



Why Call 911? 
 

• Wife drove him to Grand Itasca (Grand Rapids, MN) Emergency Department 
– Not sure how fast they went… 



45 yo Male w/CP While “Pulling Tile” 
Door to ECG only 4 minutes 

 



45 yo Male w/CP While “Pulling Tile” 
Pre PCI in RCA 

What Is That? 



45 yo Male w/CP While “Pulling Tile” 
Post PCI in RCA 



 



Pathway to Clot Formation 



Pathways to Platelet Aggregation 



Not All STEMI’s Are The Same! 



Improving the System of Care for STEMI Patients 

Reperfusion Strategies for STEMI  

Plan A: percutaneous coronary intervention (primary PCI) 

•Mechanical means of restoring blood flow 

° Balloon angioplasty 

° Stents 

•More effective 

• Lower bleeding risk 

•Available at only 25% of U.S. hospitals 

° Treatment delays 

Plan B: thrombolytics (fibrinolytics)  

•Pharmacologic means of restoring blood flow  

° “Clot-busting” drugs 

• Less effective 

•Greater bleeding risk 

•Widely available at U.S. hospitals 
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Blood Thinners…. 

“What Are They?” 

• Anti-Coagulant 

• Anti-Platelet 

• Anti-Fibrin 

 



Thrombus Remains 

Following Fibrinolysis 

Van Belle et al. Circulation. 1998;97:26-33. 



Fibrinolytic Therapy 101 

• Lytics can cause serious bleeding! 

– Not indicated for every STEMI! 

• Lytics work well if chest pain/symptom onset is 

within 2-3 hours 

• Lytics don’t work as well if symptom onset 

greater than 4-6 hours 

 



Is There Only One Answer? 

• PCI !!!                             Fibrinolytics !!! 

• Full Dose Lytic !       Half-Dose Lytic ! 

• Heparin !                         Lovenox ! 

• Angiomax !        Heparin? 

• Plavix !                            Brilinta ! 

 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.resolutionservicescenter.org/&ei=Y6U6Vbn-DtPVoASA6oCIAw&psig=AFQjCNFciL82fe-yl3b0l2HcverAmlOHsg&ust=1429993165105141


STEMI Drugs 

• Standard 

– Heparin  

– Aspirin 

– Ticagrelor or Clopidogrel  

• (Brilinta or Plavix) 

 

• If Appropriate 

– TNKase 

– Oxygen 

 

•If Needed (PRN) 

• Morphine 

• Oxygen 

• Nitroglycerin 

• Diazepam 

• Ondansetron (Zofran) 

• Metoprolol 



We Used to Give Beta Blockers? 



Is MONA Going Away? 



Morphine 



Oxygen 

http://www.med-worldwide.com/titan-oxygen-regulator-2-diss-constant-flow-0-25-lpm-wm-mrp-804-p71442


Why withhold oxygen in STEMI? 

Supplemental oxygen may reduce coronary blood flow, 

increase coronary vascular resistance and contribute to 

reperfusion injury through increased formation of 

reactive oxygen species 

 

Oxygen recommendations 

 

Stub D. A randomized controlled trial of oxygen therapy in acute ST-segment elevation myocardial 

infarction: the Air Versus Oxygen in Myocardial Infarction (AVOID) study. Presented at: American Heart 

Association Scientific Sessions; November 19, 2014; Chicago, IL 



AVOID (Oxygen in STEMI) Trial 

 

Stub D. A randomized controlled trial of oxygen therapy in acute ST-segment elevation myocardial 

infarction: the Air Versus Oxygen in Myocardial Infarction (AVOID) study. Presented at: American Heart 

Association Scientific Sessions; November 19, 2014; Chicago, IL 



AVOID (Air vs Oxygen in STEMI) Trial 

Supplemental oxygen therapy in patients with STEMI  

but without hypoxia increased.. 

 

 - Myocardial injury 

 - Recurrent myocardial infarction 

 - Major cardiac arrhythmia 

 

… and was associated with larger myocardial infarct size  

     assessed at six months 
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Stub D. A randomized controlled trial of oxygen therapy in acute ST-segment elevation myocardial 

infarction: the Air Versus Oxygen in Myocardial Infarction (AVOID) study. Presented at: American Heart 

Association Scientific Sessions; November 19, 2014; Chicago, IL 



Nitroglycerin 



Watch Out For ED or PAH Drugs 

Before Giving Nitro !  



STEMI Guidelines - 2013 

 



Regional Systems of STEMI Care, 

Reperfusion Therapy, and Time-to-

Treatment Goals  

Reperfusion therapy should be administered to all eligible patients 

with STEMI with symptom onset within the prior 12 hours.  

Primary PCI is the recommended method of reperfusion when it 

can be performed in a timely fashion by experienced operators.  

I IIa IIb III 
EMS transport directly to a PCI-capable hospital for primary PCI is 

the recommended triage strategy for patients with STEMI with an 

ideal FMC-to-device time system goal of 90 minutes or less.*  

I IIa IIb III 

I IIa IIb III 

*The proposed time windows are system goals. For any individual patient, every effort should be 

made to provide reperfusion therapy as rapidly as possible. 



Primary PCI in STEMI 

I IIa IIb III 
Primary PCI should be performed in patients with STEMI and 

ischemic symptoms of less than 12 hours’ duration.  

Primary PCI should be performed in patients with STEMI and 

ischemic symptoms of less than 12 hours’ duration who have 

contraindications to fibrinolytic therapy, irrespective of the time 

delay from FMC. 

I IIa IIb III 

Primary PCI should be performed in patients with STEMI and 

cardiogenic shock or acute severe HF, irrespective of time delay 

from MI onset.  

I IIa IIb III 



Regional Systems of STEMI Care, 

Reperfusion Therapy, and Time-to-

Treatment Goals  

Immediate transfer to a PCI-capable hospital for primary PCI is the 

recommended triage strategy for patients with STEMI who initially 

arrive at or are transported to a non–PCI-capable hospital, with an 

FMC-to-device time system goal of 120 minutes or less.*  

In the absence of contraindications, fibrinolytic therapy should be 

administered to patients with STEMI at non–PCI-capable hospitals 

when the anticipated FMC-to-device time at a PCI-capable hospital 

exceeds 120 minutes because of unavoidable delays.  

I IIa IIb III 

*The proposed time windows are system goals. For any individual patient, every effort should be 

made to provide reperfusion therapy as rapidly as possible. 

I IIa IIb III 



Aspirin 

 



Antiplatelet Therapy to Support 

Primary PCI for STEMI 

Aspirin 162 to 325 mg should be given before primary PCI.  

After PCI, aspirin should be continued indefinitely.  

I IIa IIb III 

I IIa IIb III 



Anticoagulant Therapy to Support 

Primary PCI 

For patients with STEMI undergoing primary PCI, the following 

supportive anticoagulant regimens are recommended:  

• UFH, with additional boluses administered as needed to 

maintain therapeutic activated clotting time levels, taking into 

account whether a GP IIb/IIIa receptor antagonist has been 

administered; or  

• Bivalirudin with or without prior treatment with UFH. 

I IIa IIb III 

I IIa IIb III 



Adjunctive Antithrombotic Therapy to Support 

Reperfusion With Primary PCI (cont.) 

‡The recommended ACT with planned GP IIb/IIIa receptor antagonist treatment is 200 to 250 s. 

§The recommended ACT with no planned GP IIb/IIIa receptor antagonist treatment is 250 to 300 s (HemoTec device) or 300 

to 350 s (Hemochron device). 



Heparin 
…Does the Bolus Dose Matter? 

• 4,000 Unit vs. 5,000 Unit I.V. bolus 

– if going to Cath Lab  

– if giving Lytic (TNK) 

 

• IV Drip at 1,000 Units/hr  

– For Lytic patient only? 

– For Long Transports? 



SYNERGY Trial, and other data exists that suggests Enoxaparin (Lovenox) may be better than 

Heparin 

But Enoxaparin is not as practical to use for STEMI, and creates other challenges for patient 

care 

To be given correctly, Enoxaparin must be given as an IV bolus, followed by a Sub-cutaneous 

injection 15 minutes later 

     (15 minutes later, we hope a STEMI patient is already on the way to the Cath Lab!) 

Subcutaneous absorption can be impacted by a patient in cardiogenic shock, with poor 

peripheral perfusion 

Enoxaparin (Lovenox) comes in pre-filled syringes that cannot be given IV (must transfer to 

another syringe) 

When arriving at the cath lab, we cannot easily measure a bedside anti-Xa to assess level of 

anticoagulation 

If the patient starts to bleed, we cannot easily reverse it with protamine, like we can with Heparin 

 

Heparin is not perfect, but we can easily measure it, reverse it quickly with protamine if need be, 

and we have the option to switch to Bivailirudin in the cath lab if desired 

Why Heparin vs. Enoxaparin? 
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Antiplatelet Therapy to Support 

Primary PCI for STEMI 

A loading dose of a P2Y12 receptor inhibitor should be given as 

early as possible or at time of primary PCI to patients with STEMI. 

Options include:  

• Clopidogrel 600 mg; or  

I IIa IIb III 

• Prasugrel 60 mg; or  

• Ticagrelor 180 mg  



Antiplatelet Therapy to Support 

Primary PCI for STEMI 

Prasugrel should not be administered to patients with a history of 

prior stroke or transient ischemic attack.  

I IIa IIb III 

Harm 



Antiplatelet Therapy to Support 

Primary PCI for STEMI 

P2Y12 inhibitor therapy should be given for 1 year to patients with 

STEMI who receive a stent (BMS or DES) during primary PCI 

using the following maintenance doses: 

• Clopidogrel 75 mg daily; or  

I IIa IIb III 

• Prasugrel 10 mg daily; or  

• Ticagrelor 90 mg twice a day*  

*The recommended maintenance dose of aspirin to be used with ticagrelor is 81 mg 

daily.  



Antiplatelet Therapy to Support 

Primary PCI for STEMI 

It is reasonable to use 81 mg of aspirin per day in preference to 

higher maintenance doses after primary PCI.  

I IIa IIb III 



Ticagrelor or Clopidogrel? 
(Brilinta or Plavix?) 

 





How Is Ticagrelor Different?: 

• Not a Pro-Drug 

– Faster platelet inhibition 

– Not subject to genetic variable metabolism 

• Adenosine re-uptake may be blocked 

– Vasodilation may reduce ischemia at time of PCI 

• Reversible binding to platelets 

– Wears off faster than Clopidogrel or Prasugrel  
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K-M estimate of time to first primary efficacy  

event (composite of CV death, MI or stroke) 
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Clopidogrel (Plavix) resistance data is growing, and the FDA issued a Black Box warning highlighting this 

concern  

Prasugrel has more restrictions for those with history of stroke, and limited data for those over 75 years old 

Prasugrel has a longer effective half-life, and requires longer washout if bleeding or needing urgent CABG 

surgery 

PLATO Trial demonstrated a mortality benefit of Ticagrelor over Clopidogrel  

ATLANTIC Trial did not show Ticagrelor before PCI provided reperfusion, but did reduce stent thrombosis 

after procedure 

Non-STEMI 2014 Guidelines have new language supporting Ticagrelor preferred over the other P2Y12 

inhibitors for PCI strategy 

On-Set Off-Set Data demonstrates faster and greater platelet inhibition with Ticagrelor vs Clopidogrel 

Ticagrelor is not a “Pro-drug”, like Clopidogrel or Prasugrel, which means it is active as soon as it is absorbed 

from the gut 

Clopidogrel and Prasugrel must be metabolized in the liver before actively inhibiting platelets by irreversibly 

binding to them 

Ticagrelor binds reversibly to platelets, and washes out sooner should bleeding occur or surgery be needed 

PLATO CABG data suggested that patients can go to surgery sooner after taking Ticagrelor 

Ticagrelor triggers an adenosine buildup, leading to coronary vasodilation, which some argue helps explain 

added benefit 

Ticagrelor (Brilinta) is more expensive than generic Clopidogrel (Plavix) 

- if necessary, patients can still be switched to Clopidogrel or Prasugrel after starting out on Ticagrelor  

 

Ticagrelor vs. Clopidogrel or Prasugrel Before Primary PCI  

– Random Thoughts… 

 



Don’t Stop Plavix, Brilinta, or Effient Before Doctor Tells You! 

  

30 Days for Bare Metal Stent 

       1 year (Or more?) for Drug Eluting Stent 

• Re-Occlusion! 



What About STEMI in Europe? 

• European Society of Cardiology (ESC) 

Updated STEMI Guidelines - August 26th, 2012 

 

Steg G, James S, Atar D, et al. ESC guidelines for the management of acute myocardial infarction in patients presenting with ST-segment 

elevation: The Task Force on the management of ST-segment elevation acute myocardial infarction of the European Society of Cardiology 

(ESC). Eur Heart J 2012; DOI:10.1093/eurheartj/ehs215. Available at: http://eurheartj.oxfordjournals.org/. 



ESSENTIAL MESSAGES FROM THE ESC GUIDELINES FOR THE MANAGEMENT OF ACUTE 

MYOCARDIAL INFARCTION IN PATIENTS PRESENTING WITH ST-SEGMENT ELEVATION (2012) 



ESSENTIAL MESSAGES FROM THE ESC 

GUIDELINES FOR THE MANAGEMENT OF 

ACUTE MYOCARDIAL INFARCTION IN 

PATIENTS PRESENTING WITH ST-

SEGMENT ELEVATION (2012) 





Here’s What Minnesota Did with 

Fibrinolytic Contraindications & 

Precautions… 



Tenecteplase (TNKase) is an effective, fibrin specific clot buster 

It can be given as a single 5 second IV bolus, and does not 

need to be repeated due to it’s longer half-life 

Reteplase (RPA) is also a reasonable lytic, IV push over 2 

minutes, but must be repeated after 30 minutes due to shorter 

half-life 

 (We hope STEMI’s are on the way to the PCI hospital by 

then, and second bolus of RPA might get missed) 

TPA also works, but is not as practical, and requires 3 steps 

and 90 minutes to administer 

Why TNKase vs. RPA or TPA? 
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TNKase 
(Tenecteplase) 

• Door to Needle Goal = 30 minutes 

• Contraindications & Precautions 

• Full Dose vs. Half-Dose 

– Facilitated PCI  

– Pharmacoinvasive PCI 

• Onset of Symptoms  

– Window of time shrinking 

• Less than 3 hours? 



Regional Systems of STEMI Care, 

Reperfusion Therapy, and Time-to-

Treatment Goals  

When fibrinolytic therapy is indicated or chosen as the primary 

reperfusion strategy, it should be administered within 30 minutes 

of hospital arrival.*  

Reperfusion therapy is reasonable for patients with STEMI and 

symptom onset within the prior 12 to 24 hours who have clinical 

and/or ECG evidence of ongoing ischemia. Primary PCI is the 

preferred strategy in this population.  

*The proposed time windows are system goals. For any individual patient, every effort should be 

made to provide reperfusion therapy as rapidly as possible. 

I IIa IIb III 

I IIa IIb III 



Fibrinolytic Therapy When There Is an 

Anticipated Delay to Performing Primary PCI 

Within 120 Minutes of FMC 

In the absence of contraindications, fibrinolytic therapy should be 

given to patients with STEMI and onset of ischemic symptoms 

within the previous 12 hours when it is anticipated that primary 

PCI cannot be performed within 120 minutes of FMC.  

In the absence of contraindications and when PCI is not 

available, fibrinolytic therapy is reasonable for patients with 

STEMI if there is clinical and/or ECG evidence of ongoing 

ischemia within 12 to 24 hours of symptom onset and a large 

area of myocardium at risk or hemodynamic instability. 

Fibrinolytic therapy should not be administered to patients with 

ST depression except when a true posterior (inferobasal) MI is 

suspected or when associated with ST elevation in lead aVR.  

I IIa IIb III 

I IIa IIb III 

I IIa IIb III 

Harm 



Adjunctive Antiplatelet Therapy With 

Fibrinolysis 

Aspirin (162- to 325-mg loading dose) and clopidogrel (300-mg 

loading dose for patients ≤75 years of age, 75-mg dose for 

patients >75 years of age) should be administered to patients 

with STEMI who receive fibrinolytic therapy. 

I IIa IIb III 

…Do NOT give Brilinta or Effient with Lytics! 



Adjunctive Antithrombotic Therapy to Support 

Reperfusion With Fibrinolytic Therapy (cont.) 



What About Half-Dose Lytics? 

…Only “Full” 

dosing is listed 



Two separate issues must be considered when discussing Half-

Dose Lytics 

 

 1.  Pharmaco-Invasive PCI 

 2.  Half-Dose Lytics for those over 75 years old, based 

      on recent STREAM Trial data 

Half Dose Lytic vs Full Dose Lytic  

 



Pharmaco-Invasive PCI remains a controversial issue with some, and trials like ASSENT-4, 

have suggested worse outcomes 

 

One definition would be the utilization of either half or full dose lytics for all ages, and transfer for 

urgent PCI as soon as possible 

 (often within 1-2 hours) 

 

Current Guidelines do not offer good support for this practice, and advise PCI 3 hours or more 

after successful fibrinolysis 

 

If lytics are not successful (ongoing ischemia, ST resolution < 50%) then rescue PCI is 

warranted, despite higher bleeding risks 

 

Half Dose Lytic vs Full Dose Lytic:  

Thoughts On Pharmaco-Invasive PCI  

 



Half-Dose Lytics for those over 75 years old, based on recent STREAM Trial data 

 (Note: Previous fibrinolytic trials did not include very many elderly patients) 

 

STREAM was a modern STEMI trial that looked at those that could not get Primary 

PCI within 1 hour. 

 

After recruiting about 20% of the trial participants, it was noticed that the Intracranial 

Hemorrhage / Stroke rate for those over 75 years old was over 8%. 

 

The STREAM Trial changed their protocol to give Half-Dose lytics to those over 75 

years old, and after that, there were no more strokes reported in that age group, and 

outcomes remained good. 

Half Dose Lytic vs Full Dose Lytic: 

For those over 75 years old  

 

Armstrong, et al; Fibrinolysis or Primary PCI in ST-Segment Elevation Myocardial Infarction (STREAM Investigation 

Team);NEJM, March 10th, 2013.  



Armstrong, et al; Fibrinolysis or Primary PCI in ST-Segment Elevation Myocardial Infarction (STREAM Investigation 

Team);NEJM, March 10th, 2013.  



STREAM Trial Findings... 

A strategy of fibrinolysis with bolus tenecteplase and contemporary 

antithrombotic therapy given before transport to a PCI-capable 

hospital coupled with timely coronary angiography : 

 

 Is as effective as primary PCI in STEMI patients presenting within 

3 hours of symptom onset who cannot undergo primary PCI within 

one hour of first medical contact 

 Circumvents the need for an urgent procedure in about two thirds 

of fibrinolytic treated STEMI patients 

 Is associated with a small increased risk of intracranial bleeding 

 (Demonstrated safety and effectiveness of half-dose TNK for 

those over 75 years old) 

 

Armstrong, et al; Fibrinolysis or Primary PCI in ST-Segment Elevation Myocardial Infarction (STREAM Investigation 

Team);NEJM, March 10th, 2013.  



Transfer of Patients With STEMI to a PCI-

Capable Hospital for Coronary Angiography 

After Fibrinolytic Therapy 

Immediate transfer to a PCI-capable hospital for coronary 

angiography is recommended for suitable patients with STEMI 

who develop cardiogenic shock or acute severe HF, irrespective 

of the time delay from MI onset.  

Urgent transfer to a PCI-capable hospital for coronary 

angiography is reasonable for patients with STEMI who 

demonstrate evidence of failed reperfusion or reocclusion after 

fibrinolytic therapy. 

I IIa IIb III 

I IIa IIb III 



Coronary Angiography in Patients Who Initially 

Were Managed With Fibrinolytic Therapy or 

Who Did Not Receive Reperfusion 

Coronary angiography with intent to perform revascularization is 

reasonable for patients with evidence of failed reperfusion or 

reocclusion after fibrinolytic therapy. Angiography can be 

performed as soon as logistically feasible.  

Coronary angiography is reasonable before hospital discharge in 

stable* patients with STEMI after successful fibrinolytic therapy. 

Angiography can be performed as soon as logistically feasible, and 

ideally within 24 hours, but should not be performed within the first 

2 to 3 hours after administration of fibrinolytic therapy.  

I IIa IIb III 

I IIa IIb III 

*Although individual circumstances will vary, clinical stability is defined by the absence 

of low output, hypotension, persistent tachycardia, apparent shock, high-grade 

ventricular or symptomatic supraventricular tachyarrhythmias, and spontaneous 

recurrent ischemia. 



Yes, it is a STEMI…But please don’t drive too fast! 



END OF 

PRESENTATION 
QUESTIONS? 

 

 

THANK YOU! 

© Copyright Essentia Heath 2015 

Copying or distributing information or data from this presentation is strictly prohibited! 


